ongenital anomalies of the pancreatic duct may remain undiagnosed until adulthood and they are often diagnosed incidentally. Pancreas divisum (PD) is the most common congenital anomaly of the pancreas which occurs from a failure of ventral and dorsal bud fusion (1, 2). It accounts for about 4%-14% of the population at autopsy series, and approximately 9% are detected using magnetic resonance cholangiopancreatography (MRCP) (3). In PD, the ventral (Wirsung) duct opens into the major papilla without merging with the dorsal (Santorini) duct. The dorsal duct, which opens into the minor papilla, is responsible for the majority of the drainage from the pancreas. The clinical importance of PD is not clear. Most patients are asymptomatic, whereas in some patients, PD may cause recurrent pancreatitis due to lack of adequate drainage into duodenum via minor papilla (3, 4). Of patients with idiopathic recurrent pancreatitis, 12%-26% have PD (5). There are various type of examinations to evaluate the pancreaticobiliary system; however, MRCP has been shown to be an effective noninvasive imaging modality for the visualization of the biliary tree and pancreatic duct. Bret et al. (6) reported an accuracy rate of 100% in the diagnosis of PD using MRCP (6).
PURPOSE
We aimed to evaluate the frequency of bile duct branching pattern variations at the hepatic confluence in patients with pancreas divisum (PD).
METHODS
A search was performed through the hospital database using the keyword "pancreas divisum" to identify patients. The magnetic resonance cholangiopancreatography (MRCP) images of 137 patients who were diagnosed with PD between August 2011 and November 2016 were retrospectively analyzed for the presence of bile duct variations. A control group of 137 patients without PD was established among patients investigated during the same period. Variations of the biliary tract were grouped into seven types according to the McSweeney et al. classification.
RESULTS
Biliary tract variations were detected in 103 of a total of 274 patients. Fifty-eight PD patients (42.3%) and 45 control patients (32.8%) had bile duct variation at the hepatic confluence level. The patients with PD were more likely to have biliary tract variation compared with the control group; however, it was not statistically significant (P = 0.105). The most common variation in PD patients was type 3a variation (16.8%).
CONCLUSION
MRCP studies showed atypical bile duct confluence pattern in nearly half of both PD patients and controls. There was no statistically significant difference in the frequency of anatomic variations at bile duct confluence in patients with PD versus those without PD. Derivation of these structures from different outpouchings in early embryological life may explain this insignificant difference.
ation of the biliary anatomy before surgery must be performed to minimize morbidity and mortality (7) . In this respect, MRCP is an essential, noninvasive technique. In addition, accurate evaluation of the intrahepatic bile duct branching anatomy is of utmost importance prior to left or right liver harvesting in living donor liver transplantation, as well as segmental or lobar resection. Familiarity with the bile duct branching pattern and its variations can prevent complications which may occur during the surgical, endoscopic, or percutaneous procedures. During laparoscopic cholecystectomy, resection of the accessory sectoral or segmental ducts may cause bile leakage, bilioma, bile peritonitis, and ligation of the aberrant duct may lead to recurrent cholangitis, hepatic abscess, and atrophy of the involved segment (8) .
As the most common pancreatic ductal anatomic variant, in the present study, we hypothesized that there might be an association between the PD and the biliary duct variation due to their closely related embryologic origin. We, therefore, aimed to investigate whether the PD was associated with the biliary branching variations more frequently and to document the prevalence of each type of anatomic variations at the hepatic confluence using MRCP.
Methods
This retrospective study was approved by the institutional review board and a written informed consent was obtained from each participant. The study was conducted in accordance with the principles of the Declaration of Helsinki.
The Radiology Information System/Picture Archiving and Communication System (RIS/PACS; Centricity 5.0 RIS-i, GE Healthcare) of our institution was utilized to identify patients with PD. The study population was composed of those who underwent MRCP for the presence of clinical pathologies, such as pancreatitis, cholangitis, biliary stricture and those who were screened for live liver donation. The patients were identified with the search in the PACS system using the keyword of "pancreas divisum". We retrospectively evaluated the MRCP images of a total of 145 patients who were incidentally diagnosed as having the variation PD on MRCP performed between August 2011 and November 2016 for the presence of bile duct anomalies. Drainage of the dorsal pancreatic duct via minor papilla, noncommunicated dorsal and ventral ducts, and dominant dorsal duct was defined as PD on MRCP images. Due to the poor image quality eight patients were excluded from the study, leaving a sample size of 137 patients with PD. The control group was composed of 137 patients without PD who were evaluated during the same period. Control sample consisted of patients closely resembling the PD group in terms of demographic variables and was selected from the list of patients evaluated using MRCP either for potential liver donation or for the presence of diverse pancreaticobiliary disorders. Fig. 1 shows the flow diagram of the study population.
At our institution, MRCP examinations were performed using 1.0 T (Signa LX Horizon, GE Healthcare), 1.5 T (Optima 450w, GE Healthcare), 3.0 T (MAGNETOM Verio, Siemens) magnetic resonance imaging (MRI) scanners with an 8-channel torso phased-array body coil. A total of 89 patients were examined at 1.0 T, 126 patients at 1.5 T, and 59 patients at 3.0 T MRI scanner. The patients fasted for 6 hours prior to examination. No intravenous or oral contrast agent was administered. T2-weighted axial single-shot turbo spin-echo, T1-weighted axial gradient echo (dual echo), three-dimensional respiratory-triggered heavily T2-weighted fast spin-echo (coronal and axial plane), and heavily T2-weighted thick slab images were achieved. Besides the heavily T2-weighted thick slab images,
Main points
• Biliary branching variations at the hepatic hilum were observed frequently in both pancreas divisum (PD) patients and normal population by magnetic resonance cholangiopancreatography (MRCP).
• Different outpouchings in the early embryologic life may explain the absence of statistically significant difference in the frequency of bile duct variations between PD patients and those with a normal pancreatic duct.
• The most common variation in patients with PD and without PD was abnormal drainage of right posterior hepatic duct into the left hepatic duct.
• Awareness of bile duct variations may help to tailor the therapeutic medications in PD patients with recurrent pancreatitis, cholangitis, and intrahepatic bile duct stones which are thought to occur due to abnormal drainage of the bile duct system. Evaluation for biliary variations at the hepatic hilum by two radiologists in consensus the axial and coronal heavily T2-weighted source images and the maximum intensity projection (MIP) images were analyzed together for the possible anatomic variations. All MRCP images were reviewed by two reviewers in consensus at the PACS Workstation. Variations of the biliary tract were categorized into seven groups according to the classification of McSweeney et al. (9) . In their classification, the branching pattern of the biliary system at the hepatic confluence is grouped as follows:
Type 1: Normal anatomy; right hepatic duct and left hepatic duct (LHD) merge to form the common hepatic duct (CHD).
Type 2: Triple confluence; right posterior (RP)-right anterior (RA) hepatic ducts and LHD merge to form CHD.
Type 3: Abnormal drainage of RP duct (Type 3a, RP duct drains into the LHD; Type 3b, RP duct drains into the CHD; Type 3c, RP duct drains into the cystic duct).
Type 4: Right hepatic duct drains into the cystic duct.
Type 5: Accessory right segmental intrahepatic duct drains directly into the CHD.
Type 6: Segment 2 and 3 ducts merge separately the right hepatic duct to develop CHD.
Type 7: Complicated anatomy (other than the types indicated above).
Statistical analysis
Statistical analysis was performed using SPSS 11.5 (SPSS Inc.). The descriptive statistics were expressed as mean and standard deviation for metric variables, frequency and percent for categorical variables. The Student's t test and chi-square test were used to compare independent groups in terms of metric and categorical variables, respectively. A P value of less than 0.05 was considered statistically significant.
Results
The MRCP images of a total of 274 patients (167 women [60.9%] and 107 men [39.1%]) were evaluated. The PD group consisted of 59 men (43%) and 78 women (57%), with a mean age of 54.7±13.9 years (range, 16-81years). According to the hospital records, 14 (10%) of the patients with PD had a previous acute pancreatitis episode. The control group consisted of 48 men (35%) and 89 women (65%), with a mean age of 55.6±15.6 years (range, 17-83 years). There were no statistical differences between the groups in terms of age and gender (P = 0.129, P = 0.173, respectively). Demographic and clinical data of the study population are represented in Table 1 .
Of 137 patients with PD, 58 patients (42.3%) had bile ducts variations at the level of hepatic confluence. In the control group, 45 patients (32.8%) had branching pattern variations at the hepatic hilum. The patients with PD seem to have more biliary tract variations at the hepatic hilum, compared with the control group; however, it did not reach statistical significance (P = 0.105). Table 2 shows the frequency of biliary tract variations for each group.
In this study, classical branching pattern (type 1) was present in 79 PD patients (57.7%; Fig. 2 ) and 92 control subjects (67.2%). Drainage of the RP hepatic duct into the LHD (type 3a) was the most common anatomic variant in both the PD group (n=23, 16.8%; Fig. 3 ) and the control group (n=28, 20.4%; Fig. 4) . The second most common variant was triple confluence (type 2) in both groups (13.9% in PD group, 5.1% in the control group), in which the RP-RA hepatic ducts and LHD drain into the CHD. Type 3b variation was observed in 3 PD patients (2.2%; of the RP duct into the cystic duct (type 4); 3 PD patients (2.2%) had type 5 anatomical variation. The opening of Segment 2 and 3 duct separately to the right hepatic duct to form CHD (type 6) was observed in 3 PD patients (2.2%; Fig. 6 ). An undefined/complex anatomy (type 7) was observed in 5 patients (3.6%) with PD. In one patient, Segment 2 and 3 merged with the CHD separately and the RP segmental duct (RPSD) joined to the Segment 2 duct. In the second patient, the RPSD joined to the Segment 2 duct, forming a short duct which drained into the distal end of the Segment 3 duct (Fig. 7) . In the third patient, the Segment 3 duct drained into CHD separately and Segment 2 and Segment 4 ducts joined to the RPSD. The fourth patient had drainage of the Segment 3 duct to the RA segment duct. Finally, the fifth patient had an accessory duct from the right lobe, draining into the Segment 3 duct. In this study, the accessory right segmental duct was observed in 6 (2.1%) of a total of 274 patients: in four patients, it drained into the CHD, while in one patient, it drained into the Segment 3 duct.
Discussion
To the best of our knowledge, bile duct variations have not been previously investigated for the PD patients. In this study, 42.3% of PD patients and 32.8% of controls had biliary duct variation at the hepatic confluence level. PD patients appeared to have more biliary tract variations compared with the control group; however, it did not reach statistical significance.
In the human embryo, by the fourth week of gestation, the ventral and dorsal diverticula grow at the junction of the foregut and midgut. The dorsal diverticulum develops into the dorsal portion of the pancreas, while the ventral diverticulum (hepatic diverticulum) develops into the liver, gallbladder, bile ducts, and ventral pancreas (10) (11) (12) (13) . During the fifth week, a rapid endodermal proliferation occurs in the dilated funnel-shaped structure above the cystic duct. This proliferation gives rise to several folds, which result in numerous channels at the porta hepatis (12, 13) . The existence of several normal variants in the configuration of the right and left hepatic ducts at the hepatic confluence level can be partially explained by this remodeling. The "normal" Y-shaped junction of the right and left hepatic ducts with the CHD is found in about 57% to 72% of adults (12, 14, 15) .
The ventral pancreas merges with the dorsal pancreas at approximately the seventh week of gestation (10) . PD is caused by the failure to fuse ventral and dorsal pancreas (1-4) . The ventral pancreatic duct and the common bile duct are linked by their embryonic origins (both originate from the ventral outpouching), which results in the adult configuration of their common entrance into the duodenum at the major papilla (11) . On the other hand, although the dorsal pancreatic duct and biliary system are derived from closely related structures in the early embryologic life, they originate from different outpouchings (10) (11) (12) (13) . This embryologic difference may explain our observation that the frequency of the bile duct variations in patients with PD was not statistically different from those with a normal pancreatic duct.
According to the literature, the frequency of bile duct variations (except the typical pattern), varies between 28% and 43% (7, (14) (15) (16) (17) (18) (19) . Our results are comparable with previously reported data: anatomic variation at the hepatic hilum was observed in 32.8% of the control group and 42.3% of the PD patients. Among seven types of anatomic variants, type 3a with drainage of the RP duct into the LHD was the most common, followed by type 2 (trifurcation), which were present in 16.8% and 13.9% of PD patients, respectively. These rates for control group were 20.4% and 5.1%, respectively, and were compatible with those reported in previous studies (8, 14, (20) (21) (22) . The most common complications after hepatobiliary surgeries are related to the iatrogenic injuries of bile ducts. Therefore, accurate evaluation of the biliary system is critical, before hepatic surgery. Since the most common variant is type 3a, in a patient with RPSD draining into LHD, ligation of the right posterior branch during left hepatectomy can cause biliary cirrhotic changes at Segments 6 and 7 (18) . In addition, documentation of the ductal variations is important to prevent bilioma, bile peritonitis, biliary stricture, cholangitis, and abscess, which may occur due to biliary injuries (19) .
In the present study, type 4 and type 3c patterns were the least common variants in PD patients (0.7% for both), and type 4 pattern was not observed in the control group. Sarawagi et al. (8) reported similar findings in their study. Since ligation or resection of the aberrant duct may lead to complications such as bile leakage, biliary bilioma, and bile peritonitis, knowledge of variations of the right hepatic duct draining into the cystic duct (type 4) is critical. If not treated, mortality rates as high as 44% have been reported for this condition (23) .
In the literature, it has been reported that 2% of donors have accessory hepatic ducts which may originate from either the left or right ductal system. Similarly, in this study, the accessory right segmental duct was observed in 6 patients (2.1%). For liver transplantation or hepatic resection, the accessory duct must be recognized, as electrocautery may seal an accessory duct during surgery. By applying an appropriate surgical technique, complications such as bile leakage, bilioma, or bile peritonitis can be prevented (15) .
Furthermore, it has been assumed that recurrent pancreatitis occurs more frequently in patients with PD (3, 4) . Pancreatitis is caused by stenosis of the dorsal duct at the minor papilla and impaired drainage of pancreatic enzymes into duodenum (3, 4) . According to the electronic records of the hospital information system, 14 patients with PD (10%) previously experienced mild episodic acute pancreatitis in our study. Of 14 PD patients with a history of pancreatitis, 6 patients had bile duct variations at the hepatic hilum. Three of these patients had type 3a, one patient had type 2, and one patient had type 3b bile duct variation. In addition, as in PD, biliary variation is one of the important etiologic factors for recurrent pancreatitis, as well as recurrent cholangitis and hepatolithiasis. This is caused by stasis of bile drainage which is usually seen in type 3a branching pattern due to the acute angle between RP and LHD (14) .
There are some limitations to this study. First, the number of the patients included in the study was limited. With a larger population, a significant difference may have been detected. Second, we were unable to compare the results with any other modality such as endoscopic retrograde cholangiopancreatography. However, this is the first study to assess the association of PD and biliary duct variations in the literature.
In conclusion, our data did not demonstrate a statistically significant difference in the frequency of anatomic variations at bile duct confluence in patients with PD versus those without PD. MRCP showed atypical bile duct confluence pattern in nearly half of both PD patients and controls. The most common variant was RP duct draining into the LHD in both groups.
